Despite the local and global importance of forests, deforestation driven by various socioeconomic and biophysical factors continues in many countries. In Nepal, in response to massive deforestation, the community forestry program has been implemented to reduce deforestation and support livelihoods. After four decades of its inception, the effectiveness of this program on forest cover change remains mostly unknown. This study analyses the spatial and temporal patterns of tree cover change along with a few socio-economic drivers of tree cover change to examine the effectiveness of the community forestry program for conserving forests or in reducing deforestation. We also investigate the socioeconomic factors and policy responses as manifested through the community forestry program responsible for the tree cover change at the district level. The total tree cover area in the year 2000 in Nepal was ~ 4,746,000 hectares, and our analysis reveals that between 2001 and 2016, Nepal has lost ~46,000 ha and gained ~12,300 ha of areas covered by trees with a substantial spatial and temporal variations. After accounting socioeconomic drivers of forest cover change, our analysis showed that districts with the larger number of community forests had a minimum loss in tree cover, while districts with higher proportion of vegetation covered by community forests had a maximum gain in tree cover. 12 Abstract 13 Despite the local and global importance of forests, deforestation driven by various socio-economic 14 and biophysical factors continues in many countries. In Nepal, in response to massive 15 deforestation, the community forestry program has been implemented to reduce deforestation and 16 support livelihoods. After four decades of its inception, the effectiveness of this program on forest 17 cover change remains mostly unknown. This study analyses the spatial and temporal patterns of 18 tree cover change along with a few socio-economic drivers of tree cover change to examine the 19 effectiveness of the community forestry program for conserving forests or in reducing 20 deforestation. We also investigate the socio-economic factors and policy responses as manifested 21 through the community forestry program responsible for the tree cover change at the district level. 22 The total tree cover area in the year 2000 in Nepal was ~ 4,746,000 hectares, and our analysis 23 reveals that between 2001 and 2016, Nepal has lost ~46,000 ha and gained ~12,300 ha of areas 24 covered by trees with a substantial spatial and temporal variations. After accounting socio-25 economic drivers of forest cover change, our analysis showed that districts with the larger number 26 of community forests had a minimum loss in tree cover, while districts with higher proportion of 27 vegetation covered by community forests had a maximum gain in tree cover. This indicates a 28 positive contribution of the community forestry program to reducing deforestation and increasing 29 tree cover.
264 the statistical information on Nepalese Agriculture (GoN, 2012a) . Since the populations of pig, 265 poultry, and fowl do not have a direct impact through grazing on forests, we excluded them from 266 the populations of cattle, buffalo, sheep, and goat and used as the livestock number. We calculated 267 the livestock ratio by dividing the livestock number with the extent of the major vegetation cover 268 of each district assuming the pressure of these livestock exerts mainly on vegetation. The 269 vegetation area (cumulative area of forests, shrubs, grasslands and sparse vegetation) for a district 270 was calculated by using a global land cover share map, version 1.0 (Latham et al., 2014) . 278 Fuelwood gathering is considered as one of the causes of deforestation and forest degradation in 279 tropical areas (Chakravarty et al., 2012) . In rural areas of Nepal, wood derived from natural forests 280 is one of the most critical sources of fuelwood (Christensen et al., 2009 ). Fuelwood contributes 281 about 70% of the total energy supply for the rural population of Nepal (Kandel et al., 2016) . 282 Therefore, we included fuelwood gathering as a variable in our model. We collected district wise 283 data of the total number of households used fuelwood for cooking from the national population 284 and housing census (CBS, 2012) .
285
286 Proximity to the roads affects forest condition; forests closer to roads in the distance are more 287 likely to be cleared (Liu et al., 1993; Lambin, 1997) . In rural Nepal, there has been a prolific 288 growth of earthen road expansion in recent years. Due to the mountainous topography, steep 289 slopes, and weak soils, these poorly constructed rural roads have increased the probability of 290 landslides especially during the heavy monsoonal rainfall (Leibundgut et al., 2016) . Therefore, 291 road buildings may have an impact on the condition of forests and we considered the length of the 292 road as a variable in our model. The data on road was collected from the Department of Roads, 293 Nepal (GoN, 2012b). We also used digital elevation data (DEM) from Shuttle Radar Topographic 294 Mission (SRTM) (http://srtm.csi.cgiar.org/) and calculated slope from DEM in ArcGIS to use in 295 our model.
297
We used the total number of CFUGs and the proportion of the vegetation area covered by 298 community forests in a district as a proxy to measure the effectiveness of community forestry 299 programs. The data on the number and area of CFUGs were obtained from the Management 300 Information System maintained by the Department of Forests, Nepal (DoF, 2015) . To normalize 301 the non-forested area effect, the total area of community forests in a district was divided by the 302 major vegetation area of that district because the government handed over only the area covered 303 by potential vegetation (forests, grasslands, shrubs, and sparse vegetation areas) to the local 304 community as the community forests.
305
306 Data analysis 307 We analysed the net change (loss and gain) of tree cover for each district over a 15-year period 308 from 2001 to 2016. Because protected areas cover a significant area of Nepal (about 24% of the 309 total land area) and have a separate management system, the geographical areas covered by 310 protected areas were excluded in further analysis to determine the impacts of the drivers of 311 deforestation and effectiveness of the community forestry program on the gain and loss of tree 312 cover. We build two models; in the first model, the proportion of forest loss was used as a 313 dependent variable and in the second, proportion of forest gain. The demographic, economic, 314 social, and environmental variables were used as independent variables in both models. After 315 testing our data with the assumptions required for multiple linear regressions (heteroscedasticity, 316 normality, outliers, multicollinearity), we conducted the ordinary least square (OLS) regression 317 analysis to predict the impact of independent variables on the dependent variables. We examined As the socio-economic data were available at the district level, we choose 75 districts as study 326 units. We conducted area-based correction for the dependent variables (tree cover loss and gain) 327 to normalize the effect of the district size. Rather than using total area of tree cover loss and gain, 328 we used proportions of forest that were lost or gained in the district as dependent variable in the 329 regression models.
331
We also quantified the spatial pattern of tree cover loss to observe the spatial association between 332 roads and the loss and gain of tree cover, using the GIS-based buffering approach, from one to 333 five-kilometre distance from the current road networks. We counted the total number of pixels of 334 tree cover loss and gain within a range from one to five kilometres from the roads and calculated 335 the total areas. Since we have temporal data of forest fire incidence and forest fire is considered a 336 major driver of deforestation and forest degradation in Nepal, we also compared annual trends of 337 tree cover loss with the trends of the forest fire.
339
We visually compared the tree cover loss data with the high-resolution images of the Google Earth 340 Pro. We first identified 132 larger patches of tree cover loss and randomly selected 50 patches by 341 overlaying 1 km 2 grids on the layer of tree cover loss. We visually compared the images captured a substantial spatial variation was observed among physiographic zones, and districts; maximum 351 loss of tree cover in Siwalik (28%, 13,000 ha) followed by Hill (26%, 12,100 ha) and Terai (22%, 352 9,900 ha), Middle mountain (21%, 98,00 ha) and High mountain (2%, 1,100 ha). Regarding tree 353 cover gain, the Hill region gained the highest area of 6,200 ha (51%) followed by Siwalik 3,000 354 ha (25%), Terai 2,100 ha (17%), Middle mountain 830 ha (7%), and High mountain 70 ha (1%).
355
356 A major loss in tree cover was observed in Kailali (6%, 2,270 ha), Dang (5%, 2,090 ha), Sarlahi 357 (4%, 1,730 ha), Rautahat (3%, 1,260 ha) and Nawalparasi (3%, 1,180 ha) districts whereas Kaski 358 (0.09%, 34 ha) and Bhaktapur (0.1%, 42 ha) lost comparatively a smaller area of tree ( Figure 2 ). 359 In terms of gain in tree cover, Dang with 880 ha (7%) forest gain was at the top position followed 360 by Nawalparasi (7%, 830 ha), Tanahun (6%, 650 ha), Palpa (6%, 620 ha) and Kailali (5%, 600 ha) 361 districts while Manang (0.01%, 1 ha), Kaski (0.01%, 1 ha) and Darchula (0.01%, 1 ha) gained a 362 lesser forest area. The maximum loss and gain of tree cover were observed within the five-363 kilometre distance from the roads; the area of forest cover loss and gain decreased as the distance 364 from the roads increased ( Figure 3a) . 374 Drivers of change in tree cover 375 We observed the associations between policy response variables (proportion of the major 376 vegetation area covered by community forest and number of CFUGs) and the proportion of tree 377 cover loss and gain by incorporating the effects of demographic factors, economic, social, and 378 environmental factors. The predictor variables identified by the AIC criterion are: a proportion of 379 area covered by community forests, number of community forests, population, HDI, and number 380 of migrants for the tree cover loss model. Likewise, a proportion of area covered by community 381 forests, number of CFUGs, number of poor people, fuelwood, and fire were retained for tree cover 382 gain model (Table 2) . According to our model, the proportion of tree cover loss in a district is 383 significant and negatively correlated with the number of community forests in the district 384 suggesting the districts with a higher number of community forests have a lower amount of forest 385 loss (Table 2) . Similarly, population and number of migrants have significantly positive 386 association while HDI was significant, and negatively correlated with the tree cover loss.
387
388 Similarly, the area of tree cover gain was significant and positively associated with the proportion 389 of the major vegetation area covered by community forests demonstrating that districts with a 390 higher the proportion of community forests have a more significant area of tree cover gain.
391 Likewise, forest fire showed a significant and positive relationship with the tree cover gain. In this study, we disaggregated tree cover (both extent and change) into five physiographic zones 396 and 75 districts of Nepal to compare spatial patterns of tree cover gain and loss. We also observed 397 the temporal profile of the loss in tree cover at two scales, national and regional (physiographic 398 zones). Furthermore, this study identified the demographic, social, economic, and environmental 399 factors of tree cover change and measured the effectiveness of the community forestry program in 400 changing the dynamics of tree cover. Our results are highly relevant to address the socio-economic 401 drivers of tree-cover change as well as to witness the effectiveness of the community forestry 402 program of Nepal. 418 The total incidence of forest-fire as a whole has a significant and negative impact on the forest, 419 and the relationship can be observed in the temporal pattern in which the annual incidences of 420 forest fire correspond with the annual loss in tree cover. Furthermore, forest-fire is also considered Our results indicate that the community forestry program played a crucial role in reducing 425 deforestation (tree cover loss) and increasing the forest area (tree cover gain) at the district level.
426 The significant and negative association between the proportion of tree cover loss and the number 427 of community forest shows that districts with a higher number of community forests have lesser 428 areas of loss in tree cover. Similarly, the significant and positive association between the tree cover 429 gain and the percentage of community-forested area in the district indicates a higher proportion of 430 community forests in the districts has a greater gain in tree cover. Community forests combine a 431 mixture of plantation and natural forests, and in most cases, local communities protect the 463 correlation between temporal trends of the number of forest fire incidences and tree cover loss, we 464 also found a positive association between forest fire days and tree cover gain. The forest fire has 465 both positive and negative impacts; the fire not only destroys forests and increases deforestation, 466 but also facilitates germination, and helps the establishment of commercial timber species by 467 eliminating growth-inhibiting vine loads (Cochrane, 2003) . More detail study is necessary to 468 understand the impacts of fire on tree cover change in Nepal as in this study, the unit of analysis 469 is district and the precise localities of forest fire and the tree cover gain in a district might be 470 different. 477 the lowest political unit of Nepal could provide more detail overview of tree cover change, the 478 information on socio-economic drivers is available only at a district level. Despite this shortcoming 479 due to limitations in data availability, our study has highlighted the different factors of 480 deforestation and the effectiveness of the major forest conservation policy in Nepal albeit at a 481 coarse scale. Because of these limitations, the inference of a robust causal relationship between 482 the dependent and independent variables is rather difficult. Globally, the data of tree cover loss 483 provided by Hansen et al. (2013) was correct only 75% of the time (Weisse and Petersen, 2015) 484 and the data do not differentiate temporary and permanent loss of tree cover between natural forests 485 or tree plantations (Harris et al., 2016 ). The quality of socio-economic data of developing countries 486 is often criticized (Meyfroidt and Lambin, 2008) . Given our limited understanding of the forest 487 cover change in Nepal, the results of this study are useful in formulating policies and programs to 488 address the drivers of deforestation and persistently improve the existing policy on community 489 forestry. We hope that future research with a higher resolution of demographic and socio-economic 490 data (at the scale of community forest) can provide more nuanced results and may identify 491 additional factors associated with forest cover change in Nepal.
492
493 Despite some shortcomings due to limitations in data availability and quality, this paper analyses 494 the spatial and temporal patterns of tree cover loss and gain in the light of socio-economic drivers 495 and effectiveness of one of the major forest conservation policies of Nepal. This study addresses 
